The antibacterial activity of the acetone extract of Garcinia livingstonei leaves was studied using bioautography and by determining the minimum antibacterial concentration against four nosocomial pathogens. Bioautograms showed that two compounds were mainly responsible for the antibacterial activity. These were isolated by a combination of solvent-solvent fractionation and bioassay-guided chromatographic fractionation and were characterized by 1 H NMR, 13 C NMR and 2D NMR spectroscopy as amentoflavone and 4''-methoxy amentoflavone. The antibacterial activity of the isolated compounds was determined against Escherichia coli, Staphylococcus aureus, Enterococcus faecalis and Pseudomonas aeruginosa. Three of the tested organisms were sensitive to both compounds with MIC values ranging from 8-100 µg/mL. P. aeruginosa was resistant with MICs >100 µg/mL. The safety of the two compounds was assessed with a tetrazolium based colorimetric assay (MTT assay) using Vero monkey kidney cells. The compounds had low toxicity against the cell line with cytotoxic concentrations to 50% of the cells (LD 50 ) of 386 µg/mL and >600 µg/mL for amentoflavone and 4''-methoxy amentoflavone, respectively. Berberine, the positive control had a CC 50 of 170 µg/mL. 4''-Methoxy amentoflavone was more active and much less toxic than amentoflavone.
Plants remain a rich potential source of therapeutic compounds for the development of new drugs [1, 2] . Although new antibiotics have been developed in the last three decades, resistance to them by infectious microorganisms has increased. As a result, the search for bioactive compounds from plants for pharmaceutical purposes has gradually increased worldwide [3] .
Garcinia is a large genus of trees and shrubs of more than 200 species, confined to the tropics. The fruit and stem of G. livingstonei T.Anderson are used traditionally in the treatment of cough, fevers and parasitic diseases [4] , while the leaf and flower extract have antibacterial activities. Other medicinal usage includes application of the root decoction against abdominal pain during pregnancy [5] .
Previous phytochemical analysis of G. livingstonei resulted in the isolation of five prenylated xanthones, two of which have fungicidal activity against Cladosporium cucumerinum. Zakaria et al. [6] also isolated a biflavonoid (methylnaringenin) and five xanthones from the root bark with antiparasitic activities against Plasmodium falciparum, Trypanosoma brucei, T cruzi and Leishmania infantum.
The local application of this plant in various infective disease conditions led to antimicrobial and cytotoxicity studies of this plant extract. We report in this paper the isolation and characterization of the two main antibacterial compounds [amentoflavone (A) and 4"-methoxy amentoflavone (B)] based on bioautography. The antibacterial activity and cellular toxicity of these two biflavonoids, were also determined. The isolated compounds had the same R f value as the antibacterial compounds in bioautograms of the crude extract indicating that they were not artifacts of the isolation procedure.
Inspection of the bioautogram of the n-hexane, carbon tetrachloride, chloroform and ethyl acetate fractions obtained by solvent-solvent fractionation showed that there were two main antibacterial compounds present, mainly in the chloroform and ethyl acetate fractions. These compounds were isolated by bioassay guided silica gel column chromatography and identified by NMR spectroscopy as amentoflavone (A) and 4"-methoxy amentoflavone (B), which have been isolated previously from G. livingstonei bark [6] . In MIC studies, all four microorganisms tested were susceptible to the two compounds (Table 1) , with MIC values ranging from 8-100 µg/mL; Pseudomonas aeruginosa, however, was more resistant to amentoflavone, with a MIC of >100 µg/mL. The most susceptible organism was Enterococcus faecalis. The MICs of 4"-methoxy amentoflavone against the various nosocomial pathogens tested (especially Escherichia coli and Enterococcus faecalis) compared well with gentamicin, a conventional drug used in the treatment of bacterial infections, with activities only 4-6 times lower.
Cytotoxicity studies: In vitro cytotoxicity assays are useful to determine cellular toxicity. They measure the potential of a compound to induce cell death in different cell types [7] . The method of Mosmann [8] was used. This is based on the principle that a mitochondrial dehydrogenase enzyme from viable cells will cleave the tetrazolium ring of pale yellow MTT and form dark blue formazan crystals, which are largely impermeable to the cell membrane, thus resulting in its accumulation within healthy cells. The number of surviving cells is directly proportional to the level of formazan product created, which is read using a spectrophotometer [9] .
The cytotoxic concentrations of the isolated compounds inhibiting the growth of 50% of the cells (CC 50 ) were calculated using the formula:
C> CC 50-{[(C > CC 50-C < CC 50 ) * (Abs > CC 50 )]/ (Abs > CC 50-Abs <CC 50 )} Where Abs CC 50 is the average of cell control's absorbance divided by 2
The CC 50 values of the two compounds were 381 µg/mL (A) and >600 µg/mL (B). In comparison with the calculated CC 50 of berberine, the positive control (170 µg/mL), these compounds are relatively nontoxic.
Kuo et al [10] reported the relative safety of some biflavonoids when he evaluated several diterpenoids, biflavonoids, aromatics, and monoflavonoids for cytotoxicity against human KB, Hela, Hepa, DLD, and A-549 tumor cell lines.
Thus 
Extraction of plant extract:
Powdered plant material (300 g) was extracted with 3L of acetone with vigorous shaking [11] . The extract was filtered through Whatman No. 1 filter paper and concentrated to a minimum volume under vacuum with a Büchi rotary evaporator. The extract was finally dried under a stream of cold air to dryness (6.7% yield). A solution of 10 mg/mL was made for the bioassays. 16:4) . Compounds were visualized by spraying with vanillin-sulfuric acid spray reagent (0.1 g vanillin, 28 mL methanol, 1 mL sulfuric acid). The plates were heated at 110ºC to optimal color development.
Antibacterial activities
Bioautography: Chromatograms of the different fractions were kept in a stream of air for a day to remove all traces of the solvents used for TLC. The chromatograms were then sprayed with a high density of the test organism (c. 10 7 cells/mL), incubated overnight and sprayed with a 2 mg/mL aqueous solution of p-iodonotrotetrazolium violet (INT, Sigma), based on the method of Begue & Kline [12] , and described in more detail recently [13] . The clear zones against a pink background indicated inhibition of bacterial growth by bioactive compounds in the extract.
Bacterial cultures of Escherichia coli, Pseudomonas aeruginosa,
Staphylococcus aureus, and Enterococcus faecalis were used for the study. They were obtained from the Microbiology laboratory, Department of Veterinary Tropical Diseases, Faculty of Veterinary Sciences, University of Pretoria.
Determination
of minimum inhibitory concentration: Minimum inhibitory concentration (MIC) was determined with a microplate serial dilution method, as described by Eloff [14] . Gentamicin (50 µg/mL) was used as the positive control. Bacterial growth was indicated by development of a red formazan color. The MIC was recorded as the lowest concentration of the extract that inhibited bacterial growth.
Tetrazolium-based colorimetric assay (MTT):
The isolated compounds were tested for cytotoxicity against Vero monkey kidney cells using the methods described by Mossmann [8] . Berberine chloride (Sigma) was used as positive control. The intensity of color is directly proportional to the number of surviving cells. Tests were carried out in quadruplicate and each experiment was repeated three times.
Isolation of antibacterial compounds:
Twenty g of the dried acetone extract was subjected to solventsolvent fractionation, as described by Suffness and Douros [15] and adapted by Eloff [16] . In brief the acetone extract was dried, dissolved in a 1:1 water:chloroform mixture. The water fraction was extracted with an equal volume of n-butanol in a separatory funnel to yield the water and butanol fractions. The chloroform fraction was taken to dryness and dissolved in a 1:1 mixture of hexane and 10% water in methanol. The hexane fraction was recovered with a separatory funnel. The 10% water in methanol extract was diluted to 20% water in methanol and extracted with carbon tetrachloride to yield the carbon tetrachloride fraction. The 20% water in methanol extract was diluted to 35% methanol in water and extracted with chloroform to yield the chloroform fraction and the 35% water in methanol fraction. The bioautograms had two yellow lanes of growth inhibition in the chloroform fraction. Open column chromatography in an isocratic system of chloroform:methanol (95:5) was used to separate the two bioactive compounds. This yielded compound A (182 mg), as a yellow amorphous powder, while compound B (107 mg) was obtained after further purification by Sephadex LH 20 with ethyl acetate as eluent.
The activities of these compounds on four nosocomial bacterial pathogens and their cytotoxic effects were tested using standard procedures, as described above.
